Direct density functional theory (DFT) classical trajectory calculations show that after bissuperoxo FAl(O 2 ) 2 ionization, one of the side-on dioxygen units undergoes a fast intramolecular rearrangement generating a stable radical cation which presents both a peroxo and a peroxyl group bound to the central Al atom, FAl(O 2 )OO ·+ . Molecular properties of this predicted novel species have been estimated at the B3PW91/6-311+G(3df) and G3B3 levels of theory.
Introduction
The detection of bis-superoxo FAl(O 2 ) 2 has been recently reported [1] . This compound is formed during 254-nm stationary photolysis of AlF in the presence of O 2 in a solid argon matrix at 13 K. The molecular structure for the triplet electronic ground state and the assignment of the observed infrared bands have been estimated from density functional theory (DFT) calculations [1, 2] . Peroxo group-containing compounds play a significant role in preparative chemistry [3] and in biological processes [4] . On the other hand, very little is known about the chemistry of bissuperoxo compounds [1, 2, 4] and essentially nothing about their ionized species. This paper reports the results of a theoretical study of FAl(O 2 ) 2 ionization and presents estimated molecular properties for the radical cation FAl(O 2 )OO ·+ . For this, classical trajectories were computed directly on a potential energy surface which accounts for the twelve degrees of freedom of FAl(O 2 ) 2 . Details of the employed method are given in [5 -7] . The energy and the forces employed in each step were computed using the hybrid B3PW91 functional [8, 9] combined with the 6-311G(d) basis set. All molecular orbital calculations were carried out by using the Gaussian 03 program package [10] .
Classical Trajectory Calculations
Following the vertical ionization process, a vibrationally excited radical cation in a doublet ground state 0932-0784 / 08 / 0100-0049 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com with a structure identical to the neutral precursor and with an excess energy of 273.5 kcal mol −1 is initially formed. Thirty trajectories, starting with different initial molecular configurations at 10 and 300 K, were calculated. A time step of 0.5 fs was used for the numerical integration of Newton's equations of motion of the nuclei. Figure 1a illustrates a snapshot of the initial conformation of the radical cation and the time evolution of its bond distances for representative sample trajectories. As expected, by changing the temperature from 10 to 300 K the atomic motions exhibit larger amplitudes of vibration due to thermal excitation. The initial F-Al bond distance in the radical cation is 1.653Å. After a fast decay it reaches a slightly smaller value of 1.62Å. Concomitantly, the Al-O a and Al-O b bonds of one of the peroxo groups are shortened, and remain near to 1.87Å from 150 fs. Simultaneously, the bond connecting the O atoms, O a and O b , decreases from 1.356Å, and later reaches a bond distance of 1.40Å at about 200 fs. The excited peroxo group exhibits a quite different dynamical behaviour. As Fig. 1a shows, the Al-O c and Al-O d bonds are equally elongated, reaching a value close to 2.3Å at 150 fs. Concomitantly, the bond linking the O atoms O c and O d decreases. Afterwards, the Al-O c bond reaches a maximum elongation of about 2.4Å at 225 fs, and later restoring bonding forces reduce this distance to about 2.1Å. The Al-O d bond is broken close to 400 fs, at the corresponding final interatomic distance of 2.98Å (not shown in Fig. 1a) . Therefore, as a result of FAl(O 2 ) 2 ionization, a side-on coordi- • , a much stronger reduction of this angle leads asymptotically to a final value for F-Al-OO(b) of 0 • . In summary, the simulations indicate that one of the side-on dioxygen units of the prompt formed un-stable radical cation undergoes a fast impulsive repulsion from the central Al atom and, subsequently, one of the Al-O bonds is broken. Afterwards, as Fig. 1b shows, a free torsional motion around the remaining Al-O c O d bond leads to the almost energetically and structurally relaxed species indicated by the snapshot recorded at 1750 fs.
Molecular Properties of FAl(O 2 )OO ·+ ·+ ·+
The dynamical study was complemented with electronic structure calculations of the relevant species. The flow of the atomic charges from FAl(O 2 ) 2 to thermalized FAl(O 2 )OO ·+ was investigated using the theory of atoms in molecules (AIM) [11, 12] . These results clearly indicate that the peroxo group that evolves into peroxyl undergoes more relevant changes. In addition, the cation charge is mainly located at the terminal O atom of this group.
The energetics were accurately determined by using the G3B3 ab initio model chemistry [13] . From the calculated total atomization energy of 483. 8 ·+ exhibits a strong absorption band centred at 232 nm (oscillator strength of 0.0393) attributable to electronic transitions located mainly on the molecular orbitals of the peroxyl group. Additional weaker bands at 244 and 352 nm with oscillator strengths of 0.0082 and 0.0105 are also predicted.
Conclusion
In conclusion, the results of the present direct DFT classical trajectory study provide evidence for the formation of the novel radical cation FAl(O 2 )OO ·+ by ionization of FAl(O 2 ) 2 . This constitutes the first example of a molecule with both peroxo and peroxyl groups linked to a central Al atom and, to our knowledge, linked to any other metal centre. The present results ask for experimental measurements which enable to detect and characterize the predicted radical cation.
